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ZCI 53314 - Dosimetry end Radiation protection
[Dosim*i da Patindwgot SinmmJ
Drrdion: 3 hor.ns
[]uIasa : 3 janJ
Please check that tlis exarnination pap€r consists of T'WENTy OIYE pages of printed
material before you begln fts sxaminatisn-
[Sila pastilcan bahawa kertas peperiksaan ini mengandtaryi DaA7ULAH SATA muka
surat yang bercetak sebelum anda mermtlakstpeperiksaan ini.J
Instr,uctions: Answer all FTVE (5) questions. Students are allowed to answer allquestions in Bahasa Malaysia or in English.
tArahan:- Jawab kesemua LIfutA (5) soatan. Pelajar dibenarknn menjawab semua
soalon sama ada dalam Bahasa Malaysia atau Bahasainggeris.J
43''i ...2t-
-2-
l. (a) Explain the differences between fluence and energy fluence.





A narrow y-ray beam passes through a2-cm thick lead . The incident beam
consists of 30% 0.4 MeV photons and.7}o/o 1.5 MeV photons.
Suatu alur sempit sinar-y melalui suatu lcepingan plumbum berketebalan 2
cm . Alur tuju terdiri daripada 30% foton 0.4 MeV dan 70% foton 1.5
MeV.J
(i) Calculate the fraction of the incident fluence which is transmitted
through lead.
Hitung pe c ahan fluens tuj u yang ditransmi s ikan merarui p rumbum. J
calculate the fraction of the incident energ'y fluence which is
transmitted through lead.
t(it) Hitung pecahanfluens tenaga tuju yang ditransmisikan nelalui
plumbum.J
(r4/20)
(a) Discuss the differences between energy transfer and net energJ transfer in a
volume Z.
[(a) Bincangkan perbezaan di antara pemindahan tenaga dengan pemindahan
tenaga berkesan dalam suatu isipadu V.J
(s/20)
(b) Explain the meaning of kerma and absorbed dose. Describe how they are
related to each other.
t@ Jelaskan malcsud kerma dan dos terserap. Huraikan perhubungan
keduanya.J
(s/20)
(c) A photon beam of energy 5 MeV and fluence l0r4 m-2 is incident on a point
P in an aluminium block. Calculate the kerma and the absorbed dose at
point P.
t@ suatu alur foton bertenega 5 Mev dan.fluens 1011 m'2 turtuju pada suatu
titik P dalam suatu bongknh aluminium. Hitung kerma dan dos terserap
pada titik P. J
If an ion chamber containing 1 cm3 air is placed at point P, calculate the
number of ion pairs produced.
[Jilra suatu kebuk ion mangandungi I cm3 udara diletakkan pada titik P,
hitung bilangan pasangan ion yang dihasilkan.J
(Ass"me the density of air is 1.293 kg 









3' (a) Describe the Bragg-Gra-v cavity theory. State the assumptions of the theory.t@ Perihallmn teori rongga Brogg-Gray. Nyatakan anggapan-anggapan teori
ini.J
(6/20)
(b) Describe the major differences between
the Burlin cavity theory.
t@ Perihalkan perbezaan-perbezaan utama
Gray dan teori rongga Burlin.J
the Bragg-Gray cavity theory anrl
di antara teori rongga Brag-
(4/20)
4.
(c) A beam of electrons passes through a tin foil. The kinetic energy of the
incident electrons is 7 Mev and its fluence is l0l0 cm-2. The mass thickness
9f th" foil is 0.73 gcm-2. Given that the increase in the electron pathlengtrin the foil is 7o4. Assume that any photons produced escap€.
Suatu alur eleldron melalui suatu lcerajang timah. Tenaga kinetik elebron
tuiu ialah 7 Me( dan fiuensnya ialah I0t0 cm-2. Ketebitan jisim kerajazg
tylah 0.73 g cm'2. Diieritcan penambahan panjang lintasan elehron ialah
7%. Anggap s ebarang foton yang dihas iltran terlepas. J
(i) Calculate ttre kinetic energy of the exiting electrons.
Kn Hitung tenaga kinetic eleldron yang keluar.J
(ii) Determine the absorbed dose in the foil.
t(it) Tentukan dos terserap dalam trerajang.J
(iii) If the thickness of the foil is increased so that no electron exits the
foil, determine the new absorbed dose.[(iit) Jika ketebalan kerajang ditambah agar tiada eleldron yang
terkeluar, tentukan dos terserap yang baru.J
[(c)
(10/20)
(a) Describe the construction of a standard free-air ion chamber. State why it is
not used at potentials greater than 300 kV.[(a) Perihal]ran binaan suatu kebuk ion udara bebas piawai. Nyatakan
mengapa ia tidak digunakan pada keupayaan lebih besar daripada j00
KV.J
(s/20)
(b) Discuss why the exposure calibration factor N, cannot be calculated for ion
chambers routinely used in hospitalsAaboratory for dose measurements.
How is,V, normally obtained?
t@ Bincangkan mengapa fafuor tentukuran dedahan I{, tidak boleh dihitmg
bagi lrebuk ion yang lazimnya digunakan di hospital/mabnal tmtuk











Describe how a Fricke fenous sulphate dosimeter is used to measure
absorbed dose-
Perihalkan bagaimana meterdos Frickc fenous sulphate digunakan untuk
dos.J
(s/20)
Descn"be how a lfogrmelrminescence (TL) process occurs. show &e
dependence of relaive TL reading per unit exposure on energy between 20
keV to I MeV for CaFz TLD. Explain.
Perihalkon bagaimana proses pendarkilau haba (TL) berlaku. Tunjukknn
kesandoan bacaan TL relatif per unit dedahan kepada tenaga di aniara 20
kev hingga I Mev bagi meterdos pendarkilau haia caFz. Jitastran.J
6/24)
5. (a) Give the maning of stochastic and
exmples for each tlpe of quantity.[(a) Berikan maksud kuantiti stokastik dan
conloh-contoh bagi setiap jenis lanntiti.J
(st20)
(b) Describe the differences between the somatic effect and the genetic effect.
Give examples for each of them.
t@ Periholkan perbezaan di antara kcsan somatik dengan ftesan genetik
Beri katt c ont o h-c ontoh b agi s e tiapny a. J
(st20)(c) Explain the oxygen effect in radiobiology.[(c) Jelaskan hesan oxygen dalam radiobiologi.J
(4t20)
(d) Discuss the models used to determine cancer risk in the low dose region.
State its importance in radiation protection.
t@ Bincangkan model-model yang digunakan untuk menentukan risiko barah





APPENDIX A.1. Physical Constants
Quantity Symbol Valuc j;












Molar volume, ideal gas
(]"o = 273.15 K'

















6.0220 x 10u *L'
t.6606 x lo:t ls
0.91095 x I0-! tg
t.6726 x 10-o Lc
1.6750 x lo-:' kS
1836
2.8179 x l0-r5 m





APPENDIX A.2. Conversion Factors
I kg = 5'6095 x I03'McV
I amu = 93I.50 McV
Electron rcsr mass = 0.51100 McV
Proton rcst mass = 938.26 McV
Neutron resr mass = 939-55 MeV
I clcctron voh (cV) = 1.6022 x l6-reJ
= 1.6022 x l0-r: crc
I joule Q) = 107 crg
I coulomb (C) = 2.9979 X 10" csu
I S*V (Gyi = 1Jlkg = l0? rad = t0{ crg/g
I sievcn (Sv) = 1.17tt
Energy-wavelcngth conversion :
L23985 X 10-6 cV m
12.3985 kcv A
Exposure convcrsion:
I rocnrgcn (R) = 2.SB x t0-{ C/kg







































8.374 x t0-5 0.0t+
t.663 x l0-{ 0.0250.533 0.0551.848 0,1 t 12.3+-2.3? 0.188t.9-2.3 0.t8+
t.t65 x to-i 0..f02
1.33t x to-rt 0.532
r.580 x to-r 0.683
8.385 x l0-{ 0.8670.969 t.O7t.735 l 302.69 r.562.32 r.84
r.82-2.69 z.ft
r.954, 2.07 2.+7
2.995 x l0-3 2.92
t.662 x t0-3 3.200.860 3.6 t
I .55 + .042.980 +.494.54 +.97









0.045 t370.063 t+90.089 t560.il8 166


















































































































































At. No. At. Wt.
Symbol Z A lo'2t li-rz/.l'
K:cdgc I t-cdgc



































































































































































































































































































































































































































































































































































































































































































































































































'Data fron: Bcrgcr and Sclrzcr (t983)
^Scc c<rmposirions in Appcnclix 8.3
'Assunring 7'= 20oC.. P = I rrm.. and Charlcs' Lrw forgass applics






duminum, Z = 13
MuJriply by 0.0223p to g.t c.o?/e



























































































































































































































































































-11 - lzcr s::l
AIPENDIX D.2. (Co*inaed)
Tis, Z = 50
Multiply by 0.005074 ro gct cm2/g



















































































































2.79 +0+ 2.7+ +0+
9.27 +03 8.9+ f 03
+.21 +03 3-98 +03
t.49 +03 1.36 +03
8.73 +03 8.60 +03
8.r4 +03 8.0r +03
3.81 +03 3.73 +03
2.r0 +03 2.0+ +03
r.29 +03 r.25 +03
5.95 +02 5.7r +02
3.31 +02 3. l r +02
r.2t +02 l.l+ +02
6.+7 +01 6.06 +01
3.24 +01 3.05 +01
r.69 +01 1.58 +01
r.5l +01 1.45+0t
1.39 +01 L34 +0t
1.20 +0t l.l8 +0t
2.28 +01 2 r8 +01
1.86 +01 t.80 +01
1.61 +01 L56 +01
l.3l +01 t.29 +01
t.t+ +01 l.t3 +01
9.12 +00 9.06 +00
8.08 +00 8.0+ +00
7.2-l +00 i.?i +00
7.00 +00 6.9S +00
6.97 +00 6,9d +00











4.82 +00 4.81 +00
4.16 +00 4.15 +00








































































































Lead, Z = 82
Multiply by 0.002907 ro gtt cm?/g





Total hrith and \\'ithout
CohcrentPhoton Energy
(Mev) od t .Op
Photoclcctric



























































































































































6.39 +0t 3,6,{ +0r
4.92 +01 3.33 +01
3.61 +01 2.90 +0t
3.00 +01 2.60 +0t
2.63 +01 2.37 +Ol
2.37 +0r 2. 19 + 0 r
2.03 +0t 1.93 +01
t.79 +01 1.73 +0t
1.43 +01 t.4t +01
r.22 +01 l.?0 +01
9.51 +00 9,46 +00
7.94 +00 7.89 +00
6.8+ +00 6.8t +00
6.0+ +00 6.02 +00
4.93 +00 4.92 +00











6.78 +02 6.51 +02
3.+t +02 3.25 +02
t 39 +0t 1 32 +02
7.96 +01 7.56 +01
r.55 +0t 3.?9 +01
+.29 +01 +.lt +0t
3 0+ +01 2.!)5 +01
2.+3 +01 2.37 +0t
t.78 +0t 1.75 +01
1.57 +0t l.r5 +01
r.++ +01 l.+3 +01
1.43 +01 l.+3 +0t
1.,+6 +01 l.+6 +01
r.50 +0t l.{9 +01
1.58 fol l-58 +01




























































































































0.029 t 9+ 7
K edge


















































































































































































































































































































































r9.2 19.2 5.30 4.87 1.87
5. 84 5.84 r .64 | .32 , .322.46 2.16 0.796 0.533 0.5330.720 0.720 0.375 0. r r_f 0. 15+0.0* 0.2+8
0.05 0.206
0.06 0. t 87
0.08 0.16i














0.0243 0.0243 0. t85
0.023+ 0.0234 0. r 7 I
0.0250 0.0250 0.151
0.0268 0.0268 0.137









0.0677 0.0677 0.51I0.04r8 0.0{t8 0.3+6
0-0320 0.0320 0.273
0.0262 0.026? 0.209
0.0256 0.0256 0. t81
0.0277 0.0277 0.150
0.0297 0.0297 0.133
0.0319 0.03 r9 o. r I +
0.0328 0.0328 0. l0?
0.0330 0.0330 0.0926
0.0329 0.0329 0 0856
0.0321 0.0321 0.075t
0.30+ 0.30+





0.267 0.070t 0.07010.22+ 0.0+31 0.04310.20+ 0.0328 o.o3?8
0. t83 0.026.1 0.026+









0.0189 0.0186 0.0340 0.0209 0.0206 0 03310.0178 0.0174 0.0303 0.0195 o.0l9t 0.029i0.0168 0.016+ 0.0277 0.0185 0.0180 o o27+0.0r57 0.0t52 0.02+3 0.0ri0 0.0166 0.02++
0.03t5 0.0315 0.105 0.03?5 0.03250.0317 0.031i 0.0958 0.03?8 0.03280.0313 0.031+ 0.0886 0.0326 0.03250.030i 0.0306 0.0778 0.0318 0.0318
0 0297 0.0295 0.06990.0272 0.02i0 0.03700.0251 0.02+9 0.0+890.0221 0.0219 0.0392
0.020+ 0.0200 0.03370.0r9? 0.018; 0.03000.018+ 0.0178 0.027+
0.01 73 0.0167 0.02+0






















Pol vs t vrc ne Polvcth vlenc Pvrcs glass
\lethyl \{crhacrrLarc, Lucite.
Plesiglas, Pcrspcx

























































































































































































































































































0.0?5+ 0. I 96
0.0232 0.183
0.0238 0. I 73
0.0266 0. r 5*
0.0287 0. t+0
















APPENDIX D.{. l{'( Easrgy-Absorption Cocficieuts y^lp (cazlg) for Various Mcdia.
lzcr s33l
r€ ?'Ray
















































































































































































'Data for Li. F. LiF. and Tcflon arc taken from Sinclair(1969); thosc forCaF" and CaF,:\Jn arc from.{rtix(1970). Both rcferenccs
ure dcrircd from rhc dara of J. H. Hubbcl, as publishcd in rhe rcr.icrv b;, Erans (196g).
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